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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
which is constructed so as to surely inhibit phenomena 
where impurities from an electrode adjacent to an 
extreme- thin dielectric film affect an electrode and 
substrate on the opposite side through the electrode, 
without causing damage to a characteristic of a 
transistor. 

SOLUTION: The semiconductor includes a silicon oxide- 
nitride film whose main components are silicon nitride 
and silicon oxide, and the dielectric constant of the 
silicon oxide-nitride film is larger than the dielectric 
constant which is the simple average of dielectric 
constants of the silicon oxide and silicon nitride by the 
rate of composition. Such a semiconductor provides an 
effect capable of inhibiting exactly the phenomena which 
impurities from an electrode adjacent to an extreme-thin 
dielectric film affect an electrode and substrate on the 
opposite side through the electrode. 
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^fciB-c«. 5-7©ii$i!iifi?,h. mmm(Dm>Hiqh 
i ** njes i ft a . x&wit £ a -> >; =1 ^m.mm t m q h 

-klfii«:j:SFET*fmi//cW^Cc. fi63fc©|g{blJI£ 
^©WffiSSHStt* 1 ^*!*. sfc. MSlbM^raffiij 

[0044] * fc. ^»ft h5>yx *©*«HFtt*» 
a/cfit)CC«. iff-i'*y'j3>Mi{tI (siO,) R 
O'y'J^ylS (sisub) ©3K#©^ffia> 6 
c £*Sfr*S. SlO^y^^'a-fe^ (o*-»n 

*) -cjBsiE Lfc>- >j n >msamtcis» zmm f - ^ 

[0 04 5] ^2©7^*;U7'CH2X (0*+N*) T2& 

v=>>mmitmt-><) ^yw^tonm (mi oomm 

«. S3R*iM3a{tK©t5fft«*ap»CCtjiSOr*iO. ft 
Jff ft h -5 >^ -5©CcS® i«m^.ft l>. 

[0 04 6 ] ^3©7i>*JU^042^ (N*— O*) "CffJ 

y a >l^bf!I ti/'ja >S« i ©WffiCC fie a 

i\m?z><Dx\ -> y ^ >s«ififfi{cs3R*s^ < ^Ttr-r a 

CitcftO. C©H^fe. MWft h^>^3»«ftt*fi 
a©fcft®ili^ft^. 

[0 04 7] i>CiC. #^BJ0» V a^Btfi<tK©BJa»ffi 
ya>S«*UHV-H3ffcjgB&ldSKitt (S^X^^-c 



1>T. lxiC'Pa <lxio-'Torr) JiTF©#fflSUC 
Sfc. i"J3>»«£:9 2 0*C-C5»BW!l*aJILr. S 

[0 04 8] . v y 3 v y 3 >»ftigi 

*. lf*'X#l^TT. ^#X<h*JS#'X<!:©ig£- 

tc. y =i ^mmmumm. f&mu&z 1 5 o -c 

(^Sfgre 2 O'C) SJg*/ XiiSgSr 0 . 2 5 seem 
CC. iSKS5fOK*4*&S^©JE* £5 x 

10-Pa(c, rittS3RS:ttie-rSECR^IHO/i«A 

5~3o #ra§§sso-c. 3 >mmimicBf&-??,. 
±is-> 3 >®HtM©jf$/&ifi i . ->•;=! >g^<kii^ 
©ffjfigxfs t * ©aisss f- * > '■(Tift o r njfe 

NDS F -7 > y X £ ^/iST -S . 
[0 04 9] CCt, «±©^ffi-CCPK L- fcHJl 1 . 5 

-€-© h?>yX M^tt^IS^/to 01 IB. *£*©-> y 

©^ Kisws Ki/'f -sm : muJ j T- f y - {?m&&tn 

hiE (V t -V T „) SSIAtt, F U-f>1g^(i 0 )R 
O'y- F^iiiE(I s )£:5*c<?jnT„ 

[005 0 ] |^77?a, HWlC?7y*JWa 
•fe* (0*->N») -CjefiSSiafc^ya^MBilJiOWtt 
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tc 

[0 0 5 1] iH>T\ Jf5fiSb/c> 'J 3>K»UiOJ:k« 

*ce-rs. MoMosgiartty-i' 
[0052] iSESMfttt. m^mtm-eiz?- h »; - 

&ff#t-C*&t,>j*iK:tB*. *tU^A5c<fcO. y- F$gjt 
BSfFffi^ffii O-rffiJUgftTt^-S (*JBS¥ 11- 364206 

„ c©fpiffi^-c't$, m^'j^^ti'&y-F 

KftlB i LtWtS flSVWIl h => > 5? X * * . fftffitt* 

©y- hteiiM*g*rr£*jtittJi& f ^ >y * * iismscc 
-> 'j 3 irWMm&v- vmrnmt Lxm-t znmm f 

[0053] g^r. y- Hfi»Bi©jHii*j«*6at» 

ii^y- F 'J ft**- htBlltM-CfcttAl 



tt. ^'j3>H{fc«iisn; Ku-r>*«iB«r*Ltcs6i6 30 M^ii*i*&e»ns©r-. ;>cs ( 1 ) 

. h mm* 1 2 Iff 'pts «, » ffl*S«- c * 

S=CkT/q)lnl0Cl(C o+ C lt )/Q > ,) ■ • • (1) 

(ffiU S«-9-7 - XUy^ 3 JUF{^! > k(i^;u^-7> X , t «#rie<$8{£©#ffi:g: 
3E». TiiiSg. Q«**ffcS. C D «2g^®gS. C RtJt. ^(2) 

M ef ,=CdI D /dV„)CL/W)/(L/W)/(C CVc -V th )) • • • (2) 

(fit/. y.rfW^^SftS. I 0 »F*UW>^iiiic. V 0 « ★«^(l 0 )S(>'y- FaSSCD^^^-r. 0^7t 

L«y- uss. wa-y- vmm&. «. b^offi (v T „) ^©hbe-c. f* h 1 vmiSffi^ 
M$asct*T§s. cmcto. F^>^x^(e: [0055] mt'yyfrh* MosF^>yx^ 



[00541 H12B. y- F lUHRAiBl^kMa)^ 

Fm^sci 0 )©y- FmEEcvo^T&ftcSte^ry^ 

70-C«>?, o 8!»tty-h«E0Ot. «»ttFU-f> 

V T „ = (C2£ S £ 5 qN ch ) ,/2 /Cox)CV.+24) I :) 1 

(fib, NcH*^**;Ko^Ftt«ii«s. ctty-Mft* .«->y 



H-C©y- F«ijftci s )« F* >Se£(i„)J; 0 4>^2ffi 
/h?0©T\ L.^C^<ilcVT n )^©iJ#* 5 ^^t^C iic% 
So -fiStC. 0€fC>ffiCW,»)©S««E<y.D»c??tt«iX 

5£ (3) -r-^-rciA^r-^So 

+ v F ,+2<i> f • • • (3) 

>©itsia*. q«m??r^a. * F «7xJi/5 



M©^fiffl-C$>«3m«MJlCTo»-.,.)*^Ofii> e 5 e 50 v Ft t3:77 » F^*> K^E) 
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[0 056IH3W. v- hmmm^mimom^ic 

fc'/tS h7>y*2<0lx#<-MiI (V IB ) <DM&mi£ (V 

. ) f£#tt£*T„ mmt. mm.mR.+ 2x^*5 

v^ris. 3K(3) {a^©ia#^6^-f 

( n c h ) somfbiifemMJs drfbg^sc,) £*sb 

5c £#ir-*£ 0 

ioo57]iH]^7Kfct,»T. wi,»f- bmitmtm 

T 0 x-.i. = T„ x _ eo + To,...,, 

i&S. m>I§<bJIg©KHbJgI&3¥MJI 

To,-.. = T 0 ,_.,. - T 0 ,- oar . 

CO 0 5 8 ] m 1 41*. h^yyX^OLtPltcteW 
•g>=S^HEffi#t£ (5S (3) ) ^63}<fe/c^bMf^BS 
J¥(T„,.„) £. Mi?#J^i^(^ffiTEM&<>'x 'J :7•y 
^-£)&t < i;9^}?^^>7c129^lJgI/l (T„,_. hv ) £©(»{&£ 2 
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«r. «ttt». a (3) -C*«>fcM<tfltftIIBII»ao«...) 

[0 0 5 9 ] m-y^yiOo^x. v^voimMfo'&ztfi 

1 Oj^ftOfclKJCW. #tf>/cK*fci1Mft»ISJ5a« 3 &cit 
t5. ^ + *;ui*&# l O^bbfcBgccfct. 3fctf);fc^ 

«S05R***1 OagEYfcU/cBR-Cfc. BMbM&ffMV® 
^{bii8ftrC£>9 . ffi/Vl • 5nm{CMlyr»iSS*« 

0. 1 lnmJ-^ccjRS-ort,^. cncccto. h7> 

+ *J\'iit£Mmtfhti&. tic. 5£(3) /P6*«)A:lli 
(3) <&ffl^/c^iSffl^ffi©S^tt^lft?T?#^ D 

[00603 iseffl^ffi-ciBjajBS^Ra^^fciRgiJMii/w 

[0 0 6 1] 

[SI ] 



mm. 


Sg(XPS) 






O* N* 


7% 


2.5/1.5 nm 


6.5 


O* + N* 


4% 


2.5/1.6 nm 


6.1 


N--O* 


12% 


2.5/1.9 nm 


5.1 


O* 


0% 


1.5/1.5 nm 


3.9 



[0062] mic^-rj^c, mi (o^vx 
omm&m. (xps) #7%r\ ^iMJsRy^iiJi/sK: 

»*£»fbi1^*B&Jl#9c*2. 5nmMl. 5nm 
-C$><9> tbfBtf&m&e. 5-Cibftc. Wi2<D7i> 
tDiy'a-tx (0*+N*) T«Jhfcy'j3>iift 

JSUbW*** «2. 5n mStf 1 . 6nraT'*l tkRS 

[0 06 3] ^ao^y^atx (N*-> O*) "CB 

/&$ 3 >msntm-ca»'p<D&RmsLifi 1 2 % 

1. 9nm-Cfc?). JfcHm^*S5. lTft^fc. Sfc. 

JRSfcSfcfrifc 1. 5 nrnfil ifcS8«^aJ3. 9t 

[ 0 0 6 4 ] & 1 *>6. #£PJT-«. 4>tt <i^lS 
f>'Jg 2 © 7 y * )\> P H2 X T'ftS? U tc > <J a >BB8f bJS 



©>- y 3 >®^ftji©i:bpii^ 0 is < . mtmtpmm 
mm (xps) 5 - 1 0 %© v y ^ >mmitmr-m^(D 

fbJSJ«HW»©tt 1 - 5 fiTC* * C £ *» 6 . 
0dA«. x'j3>HtI©MIf 1 -3 nm«C^^, 
ftlif 4 1 . 5-4. 5 nm©S5Hr-^< ttlit. H 

■5. 

40 [0 0 6 5 ] £C5"C, mm<Dmw)zi>WSUtBl<D 

mrnmicffi-rzismw. • -*y ■ in> hp 

^t5*JU- Vt-fir^ (3. Electrochem. Soc.) ©19 
68^. lgrL5#, p. 311-317{CJiig^nTl^-2>. C©>t> 

fc«. 750— uoo°C©S®SlKT"r-, ->5>**X£T> 
■t-r^7X£^fflt^r>->; ^>mitm^, ->5>**>^£ 

St 5 ftfc iy 3 bBl©ltS1Sa**SM O S CD^M £ 
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[ 0 0 6 6 } m 1 5 tt. mm 1 . 5 n m©:> 'J 3 
tt. fil*^ y =i >K{fcK£ -> y 3 >SMfcSI£©fi£fii-C 
o . -> y 3>s?^fb^{c45Wss-ft-> >; ^xoffifiShbx 

[0 0 6 7] ra^7f«. ffi14B0RO«©#*JBl»T 
Iff 2 ©^ 5**7 'l- 7'n 42 X O *+ N *X5k * J^fiS L/c-> y 3 

>B*gf fcRtt. «?{t©-> y 3 >iii»6¥S sns 

[0 0 6 8] m 1 50i/77"fT. KrttCJBWSSttf 
y3>©fflfi£ttx*so. 0 5-0. 5©S5BT\ Jtstm 

m 3 ©7 y ^7JU7"P -tz X N *— 'O »XBf&£ tltcii<OX'$> 

c<d-><) ^^m-Mitmomnmix. is©^'J3> 

ta^i, iI3?©h 7>^f#ftS^'- h y-2>^i 

[0 0 6 9] Sfc. IKrt«:*jW5S{k^';3>©JHJSSJt 
x#0. 0 5-0. 4 5©iBffl-T. hbS?S^6. Oti 

;i/7"a-t2xo»+N*-c?f5fiS;^n/ci^©T&s„ c©->y 
3>^s{bii©Kii^«. amoi/ya^Kftja^ft* 

^bJH&C^Si. fflKtO h^>y^*WffiROf(S*'-l" y 

■So 

[0 0 7 0] IK. jRrttcfcw &s^> y 3 >©ffi^ib 

xrt*0. 0 5-0. 4©«2ET\ tt»«***6. 5JiLh 
R-ol. 5*8805^ y 3 >S^ffcJBI«. Sl©5^*iU 

7"cn2^o*+N*r'jf?^$n/c4>©r'*-2>„ c©ti-&. 
JgJS#»< •CJ±9!*$jW6«,»i' V n>B^^fce«:«fc4» 
aas*f#sc<!:**-c*. ssbrjw. *6*WBl£ *©!»«*- s 

fmm.coi&mt. isv^^wmimtLxcom^mmfti 

£7. 5*<SCCJ£Px.fc©«. tk8l«m7. 5*iHAS 

jk©-> y 3 >sffifflua*BtftJ&KK: $ nr«c i-7>^f 
to ft -5 fe * n*i & i frh x & s . 

[ 0 0 7 1 ] H 1 6 tt. S«?fJiSffiT?ffJfiSb/cV 'J a > 
3 © 7 t) ;u ^ a Hz * -cffJfiS o fc* y 3 > HUM big 
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£ fCfcW S|Bai»ttR*jn-J-. a«»3B8l*ISiO*//an) 

c o o 7 2 ] wmv^vfrh. m+vfeghmz. >"j3 
>SHbJii £ . bfft©SHti«rjiMS u/c-> y 3 >«g 
{bM £ <Dm xmmmx-fr 5 c t tmmx is. $ /c . 

©ttf tie r jess o fc &/ y 3 >itg< bfl« ( h 1 5 #bs ) 
zm^xkt., -> y 3 ymitmt y 3 >^g-fbM£-cn] 

10 gET*SC£#SiE-C*S. 

[0 07 3] SSO^^/otXN*- 0*rjgfiSL 

tcwmitmt. mme-wisv ^>mm<tmt-><) 3 

o»+ N"r-ffj)?gbfc'> y 3>^fbH5J. ^f-^As 
-> y 3 >K£f tK£ y 3 >gg <t ©isiffi* ?>^inr fe 

i 3, M3©^i>*JU^"n-feXN*->0*-CJf^L./c->y 3 

>«afbWI«:j:bix-c*3W8«iflE36»^:*t>. u*->l. ->y 
3 >^<b«S£ ~> y 3 >B1R£OWlitca**^il>WJ- 
20 S5R*S*ftc»BMtK (O*) ©H^ttScfc 

5MV/cm©imi C©il?©^lS 
^2©^v ; *;U7"ui2XO'--N*. 0*+N*-CJf5JSL 

tc&zs<j^>mm{tm<Dm>®mmjmz. mitm (o*> 
[ o o 7 4 ] m i 7 «. #i©isEfttMLfcv; 3 

!«Fl/-f>SiS©ttifflt*5„ -3*0. Kn~UI3 
©7y*;U7'PH2X-c^Lfcg~>y 3>KS{tlS£, 
30 tsttBBRo *©*r^L. /cv-y 3 >mimt<D f u-c 
>«is«r*r. m#itt^'- hm@©s3(wm)5r. mm 

tt K U > SSSEio CmV ^ m) CCi«< bg&!Ng JST. » . . . ( n 
[0 07 5] l3©7y*;^DtXN^O*TMl, 

llS^2©7-^7'atXO^N», O* 
+ N*r»iiS0)fc«i"J3>BBa-ffcR«. a* e- 4*361 

40 tc> saw***ttt>tt<uio*©FuY>*SlEBlBia9fr 

[0076] Hi7©^->7iijjfi©aii*»6. ~>y 

3>S^lB ; Sr^{bL//c^tC^bMfflL/fc^ 1 ©^i^* 
* 7 - o -fe x o *-* n hc j: -> y 3 >M^{b^-ctt . 

tt, jE««lfl5-r*C436J|iB3hrt»*. 
[00771 I18H, &mm&XBf&0tcU y 3 > 
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(NO-D ry-O ) £ tcfcW Stt«K«®Stt4^-r. 
tfttttx. *^W«TS*r©B$iaj (#) *. littta. ft 

[0 07 8] JjncD7^#^:7a-fe*0*— N*-efl5*KO 

y 3 >Ka{tK©MilStt«««:i« < . 10 0 10 

0#tU:©ll#WCfcl64lB6*bttl»». RH*>6. ^'Ja 

A7 - D-fexo*-N *k «t 4 -> >; 3 >g£^{ lbk*. *©*e 

«SK«Wsai43&*fie*OH{fcBtCl:bLr. 1 0 OfSfcLkft 
[0 07 9] C©J: 5tc. **WCCff**!»*ffi-CJBJiR 

ufc-> 'j 3 >w<k«B. «oa{tAaa-r*fi£3iE©i/ y 3 
>»SHkJBNcW: ur . BNkMftttAJ* *— jetc o fcs $ 

t,cm&^M^mm&nhnzc.ti)mMT'Zz>. 20 

[0 08 0] ^ISWctSi. BMt~>y 3>© 

^Bgr-K. •>>; 3 >KS<tSI©i;bKm^?r e , SMbi^ 

y 3 xDttmmmz 3 . 9. M{b^y 3>©j:b§f^£ 
7 . y 3 >HS{fcS(c*jWSg<fc^ 'J 3 >©fflditb£ 
x, it5«, JtBtS^etf. ^ (4) 
(1 - x)X 3.9+ x x 7 • • • (4 ) 

■castiSfifi«fcO<>^rASWtt*sW6*i4. C©J:^ 30 

[0 0 8 1] JWT. SMMl. **W©*»JKS8« 

[0082] 3R^i»ffl«2 0 r-ffisoc^sn-cKa 

TSM0Sh^>i**£K2c*. ->';3>S«1 0±CC. 40 

?- f *;u«r^-CtBS«:W«r iv- *«« 7 0 &t>* K 
U J 8 0 *StfJR^«« £ . 3 1 f * JU_hfC y- h 

*a»«3 0*^L.-CJBJsS3*iA:y-h«S5 1 (5 2) 
£ . y-hlS5 1 (52) ©gOTIISrS 5 y- h fflM 
«6ttJSl6 0 i«itl^. 
[0 0 8 3] JzlEMOS h 7>^3<tt, is V 3 >S^ 1 

o±ccy- h»nuB3 0*wort»a. e©y-f-t&» 

13 0B. i"j3>SI10±Kl-3nmi©->V3 
>MffclR*Jt?J3EU f£tt3**m»fc3 0 0~9 0 0 "C 
©«*T©»Maffl'CJblBi' y 3 >&{kJg£ 1 ~ 3 n m 50 
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/?©-> y 3 >®gfbffi«:?fj^b . t ©-> y 3 >mm<tm 

£flH>fc&©T-£>&,, C©>"j3>^^bM 
5J. §1 1 ©7y*Jl/7'DtXO*-lN»fM?t!tfc 

0. ^©SJgailK^Mm*. Si or-^cfcJ: 
SSfbSg^ffiffiijK: s„ W±© J; 5 

^«r-©araSC:>$:^JfflT4 C iCt J: 9 . WSM^tM'P 

©^©?Hg#?tfjW$i3 nti^„ 

[0 084] CCt, KJf £ l - 3 n mfC^St/T^x. 
4©«. fflUIs&U nmfclT©*a^fCtt. St4^4ci-5 

3>sssr-^^{b^-tf. mmitmt'><j=i>mmt<D 
si? ^ * ^**jhs #taff & h 3 *«*fc*« 

&t,\ *fc. BJS#3nin*ffl*.SHte«cW. ^fttBagg 
h y - i^iifKclia Lt e£*3J©v V 3 > 

[ 0 0 8 5 ] *«W©*2 3aSJKSS0ll(c«4MOS 

sh7>yX?B. ^'J3>lfil 0±Kl~3nm/l 

© -> y 3 > mi l tern f c . m'&m.m^m i>t3 

0 0-90 0 , C©fiKTt ±IB'> 'J 3 >^bH ; &^b^ 
3T-5C£T'fl5/&Lifc^3£s&K3~l 0%©->')3>M 

mtm^'f- vmmmz i tuxm*.*,. r?**>. c© 

>; 3 >®SMbM£> . ^ 1 ©^ y ya-feXO'-N" 
•cjfj^^tirt,^,, tefc. *3l*fe?f5^FiIic*jW4ffi©Sl5 
ttKtfWfiJEte. IKCSO /CMOS h7>yXfi 

[0 08 6 ] CCt, M^j^g^3-1 0%£-rSSEt3 
tt. S*iftS*J396*iSS©l»^{ctt. 0 1 liC^Lfccfc 

^tc. y- h y-d^fiWHia^asiiiyttt^&r**. 

S*ia£S*»l 0%*@x.4ti^4c«. ^{bM* 

©ss^^-> >; 3 ^mmmm u . mmim t v; 3 >s 

«£©^ffi7-7^x*5ifAn^-4C££. */U3>»^cti 

©+ + y r»«Ee*J«£l>Lr h 3 >yx z&m^tt 

[0 08 7 ] :^CC. *^BJ©»3SeS?f^^CC^4M0S 
Sh3>yx^Ci. y'j3>lfilO±tCl-3nmf 

©a/ y 3 >mitm*Bf$.Lfcmc. ffitfeSJR*fflt»r 3 
00-900 "c©?aiST-r-±ia'> >; 3 >^{bM?:M{b^ 
ar * c i tc «t r, r j^iiR s tut y n >ads^ui * y - 

itm feiio7y*A7 - D^xo*->N *-r 

0. ^©H^^TfJ^ffi^f, 1 nmartKIO. .& 

0 1 ©Mosh3>yx^£|s]«lr-$>s. 
[0 08 8] CCt, JS*S*»**s*M*>6 1 n m« 

SO. mifkBI©||ll»*l-3nmir*«h&KJ4. ^ 
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< 4 4> fg14£*«c >BMfcia©g { tic fc t, » r 

[0 08 9 ] &«c. 2|E^©»4^teJB.«WtcteSM0S 

Sh5>5>**». i"j3>I«l 0±«: 1 -3 nmJI 
©-> 'J a >mtm*fci&L-tc&lc. ffi!4S3R4ffll»r 3 

oo~9 0 0 -c©fi]gT-r-_hie-> y 3 >B?ftP.£M-fbM 10 

ItSCi -CJUfiJlS *ifcJtSS*3i*i 6 tLL©f y 3 >®S 

[0 09 0] CCt, tt^«^^r6«±i-r-£,aiSl«, 

3>K»tHIBflE* 1 ~3 n m 4 313? 
©-> y ^ >aMfcflt«:ib LXMwmm&m l . 5 ft £ ft 5 
CifCJ:<3 (^l#HS), d>ft< i&y- h y-S-fBiilE 

[0 09 1 ] iXOC, *i%K©^5|IS6^!!SWtc^-5MCB 

ff^wc<&£Mos i- 5- sg i ■mmmmi'Cfc 20 

&M0S h 5 f €r«l3!|5I«©fllfiS«:Wr ~> V 

3>M»bfltrt»6fiRS*'- H»»«3 0±cc. 31^©M 

©y-h«6B)BI5 4«:«iia. C © «fc ^> &«H«jfi©y 

-h$SiI3 0. 5 4£{i;^;M£^osh7>yx*-e 
^^. ±» h smm 5 4*>6 ©tjb y- h $mm 3 0 

y- h 'J - *KiS©<B;aftM£4 C 4 #"C* &. 

[0 09 2 ] «±©JS 1 ~» 5 gSfflgfcWflWcfi&S > y 3 30 

>mm\tm 00-33) *iMosh9>^f©y- f 

6©3R(fi«J (Jj<a» j&J^ 'J 3 >MSKtJI (3 0-3 
3 ) ZPZimfCis 1 0 SCK»«:^it 

[0 09 3]»>f, ^WfCfcSMOSh v>i>^^© 
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